
Bellis – Engaging with Nature !rough An Interactive 
Personified Houseplant 

Figure 1: Interacting with Bellis utilizes plant touch to drive an interactive narrative in a smartphone app. 

ABSTRACT 
In this paper, we present “Bellis”, an interactive system which 
brings a houseplant to life with personality through touch and 
anthropomorphism. By embedding sensors in the soil of a hou-
seplant, we are able to detect human-plant interactions, namely 
touching and watering the plant. !is information is communi-
cated through a companion web application that allows the hou-
seplant to convey its watering needs to novice plant owners 
playfully and conversationally.  

With Bellis, we build on common physical interactions with 
houseplants; touching the plant leaves and soil to gauge its he-
alth state. Touching and watering the plant drive an interactive 
narrative where users converse with a whimsical avatar. 

Following an evaluation of Bellis with nine participants, we 
found that the personification of the houseplant prompted posi-
tive emotional responses, and was effective in engaging novices 
in houseplant caretaking. We contribute to the HCI research field 
with the creation of an interactive artifact for plant personifica-
tion using emerging technologies, and with new insights into 
how technology can support human-plant interactions. 

KEYWORDS 
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1 INTRODUCTION 
!is paper explores how an interactive houseplant and a smart-
phone app in concert can motivate houseplant owners to take 
be$er care of their plants, by building a relationship between a 
plant and its owner. Engaging in recreational activities in nature 
has been shown to have both physical and psychological health 
benefits, as well as promoting pro-environmental behavior [1, 2]. 
In the HCI community, research has been done with examples 
focusing on supporting existing outdoor activities with technol-
ogy [3], creating new outdoor activities with technology [4, 5], 
as well as the motivation for engaging with nature [6-8]. Since 
the world is becoming increasingly urbanized [9], we set out to 
explore opportunities for engaging with nature indoors. One 
convenient way of being exposed to nature in urban contexts is 
through houseplants. As such, we use interacting with house-
plants as a stepping stone for engaging people with nature, 
thereby creating the possibility for pro-environmental behavior. 
Unfortunately, taking care of a houseplant can be difficult for 
novices, o&en resulting in premature plant death due to improp-
er caretaking. 

By consulting plant care experts, we learned that understand-
ing the basics of plant care is rather straightforward – plants 
need water, sun, nutrients, and space to grow. However, specific 
needs are very different for every type of plant. As plants do not 
give immediate feedback on their health, it is hard for novices to 
know when and where they go wrong. 

For some, this can be somewhat daunting to learn, resulting 
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in neglect, e. g., by under- or over-watering their plants, result-
ing in the plant dying prematurely, which may lead them to give 
up on keeping houseplants. Many designs have a$empted to 
solve the problem of plant caretaking through technology, o&en 
utilizing sensors and automatic systems to automate, e.g., water-
ing [10]. While this might be useful to keep the plants alive, it 
does not do much in terms of providing the plant owners with 
an emotional connection with their plants, and thus a sense of 
connectedness with nature, which might encourage plant owners 
to take be$er care of their plants. 

!erefore, we approach this issue by exploring how technol-
ogy can encourage more interactions with houseplants, to make 
people appreciate the life of the plant, through touch and per-
sonification.  

Engaging with Nature 
!e concept “engaging with nature” has not been clearly defined 
within HCI. As such, we feel the need for a clarification. !is 
paper takes departure in the following definition of engaging: 
“To occupy the a!ention or efforts of (a person or persons)” [11].  

However, as “engaging with nature” within HCI mostly focus 
on activities done in connection with nature, we include this in 
our definition of engaging with nature. One driving motivational 
factor for caring about nature is the innate need to feel connect-
ed with nature, termed biophilia [12]. We adopt this term in our 
definition of engaging with nature: “To be a!entive to nature, 
through biophilia, manifested as physical activity, such as outdoor 
activities or environmental behavior”. 

!is definition not only includes activities such as playing in 
the forest, surfing, watering and nurturing plants, but is also 
inclusive of environmental behaviors such as recycling done 
with nature in mind, or grocery shopping local produce. 

2 RELATED WORK 
Extensive research has been done within Sustainable HCI on 
engaging people with nature and the outdoors [3-8, 13-15]. 
While most research focuses on creating or supporting outdoor 
activities using HCI [3, 4, 14, 16], other research has investigated 
how to connect people with nature using technology [16, 6, 7, 8, 
15]. !is paper concerns the la$er. Specifically, we are interested 
in engaging people in activities regarding plant care through 
human-plant interactions. 

2.1. Plants as Input Devices 
Turning objects into capacitive sensors by measuring their ca-
pacitance has been applied to plants, enabling them to be turned 
into touch input devices. !is technology has been used in art 
installations, exploring light, sound, and movement of the instal-
lation as output modalities [17] and for allowing viewers to ma-
nipulate the “growth” and appearance of virtual 3D plants with 
touch [18].  

A more sophisticated touch technology, Swept Frequency 
Capacitive Sensing (SFCS), was developed by Disney Research 
Pi$sburgh [19]. !is technology can measure capacity on a wide 
range of everyday objects, across multiple frequencies, thereby 
adding more precision than a traditional capacitive sensor, allow-

ing it to recognize different levels and placements of touch, and 
even proxemic touch. SFCS has also been applied to plants [20] 
by the original authors, to recognize touch locations (e.g., touch-
ing one leaf vs. touching multiple leaves), allowing for a wider 
input space for human-plant interactions. 

2.2. Plant Care as an Interaction Type  
Some research has explored plant care based interactions; specif-
ically watering [16, 21, 22]. Heitlinger et al. [16] installed RFID 
sensors to trigger audio recordings in a watering can of an urban 
farming community. When locals water the edible plants, audio 
recordings of narratives are told in the first person as if told by 
the plant itself, about how the plants can be used in cooking, and 
about their medicinal benefits. !e authors claim that “having 
the plants talk in the first person encouraged empathy with 
them”. 

In Sustainable HCI, persuasive technology concerns persuad-
ing users to behave in a more sustainable way [23]. Capacitive 
sensing plants have been proposed as persuasive technology, by 
le$ing passersby touch, and thereby water, plants, following 
preferable sustainable behavior, such as taking the stairs [21]. 

2.3 Anthropomorphic Design 
Anthropomorphism is the “a!ribution of human motivation, 
characteristics, or behavior to inanimate objects, animals, or natur-
al phenomena” [24]. In his research about play-based activities, 
Waters claims that: “careful, sensitive and measured use of an-
thropomorphic tools can support the learning of scientific ideas, as 
well as forging a value base, centered in moral and emotional con-
nections to nature” [25]. In HCI anthropomorphic design has 
been used, and Tuah et al. claim that it facilitates deeper en-
gagement, interaction, and relationship with so&ware ap-
plications [26]. !ree anthropomorphic qualities that we are 
interested in for designing personification of houseplants are the 
use of anthropomorphic agents, i.e., adding facial expressions to 
a digital counterpart; narratives, i.e., stories told in the first per-
son; and conversational interfaces as a means of presenting these 
narratives. We elaborate on these in the following. 

2.3.1 Personifying with Anthropomorphic Agents. Anthropo-
morphic agents, also known as avatars, have been used before in 
Sustainable HCI, e.g., by Dickinson et al. to inform correct be-
havior pa$erns to children in a relatable way [5]. However, re-
search of the advantages and disadvantages of avatars in com-
puter applications are disputed [27].  

Klopfenstein et al. [28] claim that animated characters with 
human features, able to simulate emotions with facial expres-
sions and gestures, might seem to be perceived as more trust-
worthy and agreeable. 

Walker et al. found that using a talking face on an online 
questionnaire made users write longer responses, make fewer 
mistakes and spend more time on it, than on a text-based version 
[29]. However, the authors also found that different facial ex-
pression can affect the user experience in both a positive as well 
as a negative way, and so they conclude that adding human 
characteristics to anthropomorphic computer interfaces should 
be used with caution. 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2.3.2 Personifying with Narratives. !e use of narratives has been 
used in Sustainable HCI by Nunes et al. by designing a game 
with the aim of increasing environmental awareness [13]. !ey 
used narratives rooted in the typical workday experience of 
farmers and fishers of the community, and found the narratives 
were “effective in communicating environmental best practices…” 
and that their results could be scaled to larger audiences: “[…] in 
a way that resonates not only with the two targeted communities 
but with a wider variety of audiences and users.”.  

Imaginative and creative play, o&en through made-up narra-
tives, was found to be a motivator for engaging children with 
nature by Cumbo et al. [6]. !ey conducted a study, based on 
multiple participatory design workshops with children, on what 
motivates them to engage with nature. During the workshops, 
children also expressed their biophilia by incorporating anthro-
pomorphism in their designs. 

2.4 Personifying with Conversational Interfaces  
Much research has been aimed at facilitating the interaction 
between digital systems and its users in a more personal way, 
i.e., as conversations. Conversational interfaces are based on 
thread-centric design, defined by Klopfenstein et al. [28] as “in-
formation provided as streams of messages, presented using a co-
herent and consistent set of interface paradigms”. Conversational 
interfaces can be used to create an informal bond with its users, 
facilitating ubiquitous learning and storytelling interaction 
through a familiar and recognizable user interface [28]. !e au-
thors present a paradigm for “bot interfaces” that makes use of 
context, history and structured conversation features to provide 
a meaningful user experience which is efficient for developing a 
personal relationship through the exchange of text messages.  

3 BELLIS 
“Bellis” is a system which facilitates human-plant interactions 
and engages users in houseplant care activities. Bellis allows 
users to have a conversation with a houseplant, with the aim of 
building a relation with the plant (see Fig. 2). !e system is com-
prised of a sensor module placed beneath the soil of a house-
plant, and a companion smartphone app. !e purpose of the 
sensor module is threefold. It enables Bellis to: 

1. React to touches of the plant and soil, using an SFCS 
sensor, 

2. know when the plant needs watering, using a moisture 
sensor, and 

3. measure the amount of water the user pours into the 
plant when it needs watering, using a load cell sensor. 

!ese inputs are used in the companion app to advance the 
conversation with the plant. !e sensor module and the app are 
presented in detail in the following subsections. 

3.1 SENSOR MODULE DESIGN 
!e sensor module (see Fig. 3) consists of a 3D printed housing 
in three parts which encapsulate the sensors used by the system. 
!e sensor module is designed to be placed beneath the soil of a 
regular houseplant. 

3.1.1 Detecting Touch. !e swept frequency capacitive sensor 
(SFCS) measures conductivity across different electric frequen-
cies. By placing a piece of wire, acting as a single electrode in the 
soil of the plant, Bellis can accurately register touches of the 
leaves and soil. 
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Figure 2: !e sensor module next to a houseplant pot (background). !e Bellis app running on a smartphone (foreground).



3.1.2 Detecting Watering. !e strain gauge load cell sensor 
measures the precise weight of the plant, to provide real-time 
data of how much water is added, when water is poured into the 
houseplant pot. In addition, a moisture sensor is used to get an 
overview of current water needs, by measuring the current mois-
ture levels of the soil. We found that moisture readings from the 
soil will vary significantly depending on where the water is 
added, with readings changing as the water distributes through-
out the soil over time. By combining both sensors, however, we 
obtain a more comprehensive overview of the watering needs of 
the plant. Both water and touch sensing data is then sent via 
Bluetooth to the companion application. 

3.1.3 Physical A!ributes. For the physical design, we made 
Bellis come across as a regular houseplant, by placing the sensor 
module beneath the soil of the plant within a houseplant pot, 
allowing the users to focus on the plant itself. 

To protect the components from water and soil, they are fit-
ted in a confined space with a layer of rubber material along the 
edge to ensure the openings of the module are waterproof.  

To accommodate the most common houseplant pots, the sen-
sor module is a circular shape. !e lid is conic to divert excess 
water from the soil to the bo$om of the houseplant pot.  

!e moisture sensor and SFCS electrode are exposed to the 
soil on the top of the module, with an elongated shape for rein-

forcing the sensors. !is allows the sensor components to spear 
into the center of the soil of the plant, which through experi-
mentation was found to be the ideal placement of both sensors 
since the output was the most consistent. !e load cell sensor 
and ba$eries are placed beneath the main compartment, to en-
able correct distribution of the weight of the plant onto the load 
cell for accurate readings. 

3.1.4 Implementation of the Hardware. !e functionalities of 
the sensor module are implemented using two microcontrollers: 
an Arduino to run SFCS and load cell measurements, and an 
ESP-32 microcontroller to run moisture measurements as well as 
communicate with the application over Bluetooth Low Energy 
(BTLE). Our implementation of SFCS is based on an open source 
version of the technology, using an Arduino and basic electronic 
circuit components, as explained in [30]. With the original li-
brary used [31], the Arduino only outputs the frequencies. We 
modified it so that the Arduino also checks the pa$ern against 
pre-calibrated values, and then outputs plant touch states. 

!e Arduino also runs the load cell sensor, which reads and 
outputs weight data every second. Additionally, moisture levels 
are measured once per second on the ESP-32, which also is re-
sponsible for Bluetooth communications by creating a BTLE 
Ga$Service through which the application can receive sensor 
values.  

3.2 The Bellis App 
Bellis comes to life through a smartphone app, which adds an 
interactive, digital dimension to readings from the sensor mod-
ule. !e app provides informative content about the houseplant 
through a narrative and quizzes while utilizing anthropomor-
phism and personification to communicate the health of the 
plant to the user in a straightforward manner. 

!e app leverages a conversational interface, an avatar, and a 
narrative, for personifying the plant. Bellis will try to build a 
personal bond with its users by starting a conversation about 
how it is “feeling”, where it comes from, and how the user and 
the plant, together, can aid the health of the planet by making 
“fresh air” (i. e. produce oxygen through photosynthesis). !e 
conversation with Bellis is constructed to be simple and playful, 
to make its health needs easy to understand for novices. !e 
aesthetics of the graphical user interface are kept colorful and 
whimsical. An animation mapped to the user’s touch creates the 
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Figure 4: Illustration of the sensor module within a 
houseplant pot.



illusion that the plant’s physical leaves extend onto the smart-
phone display, in states where touching the leaves would other-
wise not provide any functionality. 

3.2.1 Narrative. Bellis talks to the user through a thread-cen-
tered narrative. By narrative, we mean an interactive story con-
structed to convey the plant’s needs, communicated in the first 
person through a plant avatar with chat bubbles.  

!e primary purpose of Bellis is to communicate several fun-
damental concepts of plant caretaking and making them accessi-
ble for users to understand. To achieve this, we composed a 
“background story” for the plant, based on actual, proper plant 

care principles. !e narrative is imbued with insights into the 
plant’s “personal history”, and intrinsic information about the 
“plant’s life” is the focal point of the narrative; its origin, its 
“mission” to provide everyone with “fresh air”, its family in the 
rainforest and more. !e narrative is designed to feel like a co-
herent conversation between the plant and the user, with the 
user being able to perform interactions based on instructions 
from the plant both physically and digitally (see Fig. 5A). During 
the initial engagement, users can select from a set of predefined 
names by touching the plant leaves, a&er which the system will 
identify by that name for the remainder of the interaction. 

To support the living feel of Bellis, the app always responds 
to plant touch from the user. If the user touches the plant in any 
state when such interaction is not required to progress the narra-
tive, an animation plays on the screen. !e animation mimics a 
“shake” of the plant, which fills the user interface with leaves, 
providing visual feedback that the plant has registered touch. 

3.2.2 Watering Bellis. !e app guides the user through the 
watering of Bellis by illustrating how much water they feed the 
plant in real time, illustrated with an animation: as the user 
pours water into the soil of the plant, a feedback animation of 
water rises based on exactly how much waters was poured. !e 
required amount of water is set based on the specific demands of 
the physical plant. !e load cell will detect weight increases, 
which are mapped directly to the feedback animation. When the 
animation reaches a do$ed line, the plant has reached its desired 
amount of water (see Fig. 5C).  

3.2.3 $izzes. !e narrative is intertwined with quizzes about 
different aspects of Bellis itself and plant care in general. !ere 
are two types of quizzes, which are based on: the actual health of 
the plant, and plant-related trivia. !e former type of quizzes 
might ask the user about plant care needs and base the correct 
answer on sensor readings. !e quizzes are designed to pique the 
user’s interest in plant care and environmentalism with a low 
bar to a correct answer, pu$ing the emphasis on simply commu-
nicating and making the user reflect on facts about plant health 
and general ecological trivia, rather than on competition. 

3.2.4 Asking Bellis $estions. When the plant does not need 
watering, the user can ask Bellis questions and prompt it for 
trivia. Bu$ons in the user interface allow the user to ask a range 
of predefined inquiries, specifically “When do you need water 
again?”, “How old are you?” and trivia in the form of “Tell me a 
fun fact about yourself”.  

3.2.3 Implementation of the App. !e application is imple-
mented using web-based technologies, powered by the frontend 
framework React.js, Web Bluetooth technology for Bluetooth 
communication, and animations build with Lo$ie [32]. !ough 
enabling us to create an application that could run on most de-
vices that supports web browsing.  

4. EVALUATION 
An evaluation of Bellis with nine participants was conducted, 
with the goal of observing first time interactions with Bellis, 
understand how participants interpret plant care and health 
information, explore how the personification aspects are per-
ceived, and examine if interactions with Bellis leads to any 
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lis detects touch of the soil. C: Watering Bellis triggers 
an animation mapped to the amount of water being 
poured.
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change in their perception of plants.  
For the evaluation, we constructed a prototype of Bellis, 

where all of the components of the final design are fi$ed inside a 
box, with the plant placed on top. Although this version of the 
prototype did not fit the components in the proposed physical 
design in 3. Bellis, the electronics were still hidden from the par-
ticipants to create as authentic an evaluation environment as 
possible. 

Figure 6: !e setup of the prototype used for the evalua-
tion. 

Figure 7: !e evaluation in the Department of Computer 
Science. 

4.1 Setup 
!e evaluation was carried out at Aalborg University at two 
locations, the first taking place at the Department of Computer 
Science, with the second taking place at an open City Campus 
study area. !e prototype was placed on top of a table, with an 
adjacent laptop running the app in a simulator (Fig. 6). !e roles 
of the project group members were distributed between a facili-
tator, a notetaker/photographer, and a technical assistant. Audio 
was recorded with a smartphone. 

4.2 Participants 
We recruited participants on location by handing out flyers. Nine 
participants were recruited; four female and five male. All partic-
ipants but one were students in their twenties; and one partici-

pant in his 60’s. All except three participants had plants in their 
households. !e participants with plants in their homes took 
care of them by watering and placing them according to the 
sunlight. Two participants used fertilizer, and one participant 
played music for her plants. !e participants had generally 
gained their knowledge regarding plant care from relatives, the 
internet, and “common knowledge”.  

4.3 Procedure 
Firstly, each participant was asked about their knowledge on 
plant caretaking, while completing a short survey regarding the 
participant’s plant ownership history. While the facilitator ex-
plained the procedure of the evaluation, the participant was pre-
sented with the setup described previously. !e participant 
would then go through the various stages of interacting with 
Bellis while being guided by the facilitator. !e stages of interac-
tions were: 

1. Waking up the plant by touching the leaves, se$ing up 
the plant with a personal name and location, by physi-
cally interacting with the plant. 

2. Touching the soil and being quizzed to answer if the 
participant thought the soil was sufficiently watered. 

3. Watering the soil to a specific level, visualized in the 
app in real-time. 

4. (izzing the participant on plant-related trivia. 

5. Finally, the participant can “ask” Bellis about various 
aspects of its current status via a predefined set of in-
quiries. 

!e participant was then be debriefed by answering a few ques-
tions regarding their experience with Bellis in relation to the 
narrative, personification, and general interactions. 

5 FINDINGS 
We analyzed our collected data using content analysis [33]. By 
making use of open coding, we identified a range of findings 
relating to the various elements of the interaction with Bellis. 
!ese findings were then summarized into 10 insights which 
reflect a higher abstraction level of interacting with Bellis, touch-
ing on personifying a houseplant, interacting with Bellis and 
challenges in the evaluation. !e insights are presented in the 
following section. 

5.1 Personifying a Houseplant  
Insight 1: Participants described a type of personality in Bellis. A 
number of participants described the personality of Bellis as cute 
and lighthearted and some even described the communication 
between Bellis and the participant as a “dialog”. One participant 
described it as “a thoroughly designed personality”. !is was a 
response to the overall impression with some placing emphasis 
on the naming and the first-person narrative as the most prom-
inent elements of the personification, with some requesting the 

!  6



ability to input custom nicknames.  
Insight 2: Participants described the feeling of a relationship 

with the plant. Some participants compared Bellis to taking care 
of a pet, or digital pet like a Tamagotchi [34]. One participant 
commented: “It is kind of like having a pet, but with li!le less 
responsibility”, and another said that if she had Bellis in her 
home: “It would be hard for me to leave, knowing that I would 
have to leave my plants home alone”.  

Furthermore, the conversational interface was highlighted as 
an enabler of the emotional connection with Bellis, o&en de-
scribed as conversation where Bellis clearly expressed its needs: 
“Bellis is great since it makes the needs of the plant obvious” fol-
lowed by “Bellis simply says what the plant needs; it says that it 
needs water again tomorrow!”. Some participants expressed that 
they wanted to learn even more about how to take good care of 
their plant, in other regards than simply watering, like learning 
optimal placement in the home. One participant even mentioned 
“having a stronger need to make sure that the plant is feeling well”.  

A single participant expressively did not enjoy the interaction 
with Bellis in general and found it “too weird”. In the debriefing, 
he explained that he did not seem to relate to the general con-
cept of a personified houseplant. 

Insight 3: Plant care instructions should be even more explicit. 
While the participants found the communication of needs and 
instructions clear, there was some ambiguity in how much water 
the plant needed. !e majority of participants requested that 
even more explicit information should be provided, such as the 
precise amount of water needed before watering, or how many 
percentages of water had been poured in. 

Insight 4: Participants trusted the information provided by Bellis 
to be correct. In general, when being told facts about the plant’s 
health, the belief was that system must be correct, even though 
the participants expressed surprise because they had a different 
personal understanding of the proper plant care. Even though 
the soil was already very wet for some evaluations, none of the 
participants questioned if the plant actually needed water. Addi-
tionally, when Bellis told participants the amount of “fresh air” it 
had produced on the day of the evaluation, every participant 
believed the amount (30 liters) to be correct, even though that 
amount was made up for the evaluation and wholly unrealistic. 
!ough met with indications of skepticism (“I guess that sounds 
reasonable”), this is another indication that participants placed 
their trust in Bellis. 

Insight 5: Participants did not intuitively explore physically 
touching the plant unless prompted to. We discovered that partici-
pants did not touch or explore interactions with the plant when 
not specifically prompted to do so during the narrative, except 
for the very first, open-ended request by Bellis: “I am sleeping 
right now. Maybe you could wake me up…”, a&er which we saw 
numerous creative ways of “waking up the plant”. !is creative 
exploration included interactions like pinching a single leaf, 
shaking a bunch of leaves, tickling the leaves, talking to the 
plant and knocking on the side of the flowerpot. 

It could be regarded as an interaction issue, since it was not 
immediately obvious what to do during the initial engagement, 
resulting in explicit frustration from one participant unable to 
progress immediately. 

Insight 6: &e timing and flow of information are critical to a 
pleasant user experience. When Bellis “talks” to the user, the con-
versation is broken into small chat bubbles with multiple mes-
sages in one continuous stream. !e flow of the information 
which Bellis provided to the participants seemed to affect the 
user experience on numerous occasions. O&entimes, participants 
did not have time to read the content until all messages in one 
stream had finished loading. One participant exclaimed: “Bellis 
talks really fast! It is like ge!ing text messages from a friend who 
has just been dumped by her boyfriend!”. 

Additionally, when prompting Bellis with a question, the 
answer only lingers on the screen for a short while before disap-
pearing. While reading an answer aloud, one participant had to 
prompt Bellis for an answer a second time because they only 
managed to read half a sentence before the message disappeared.  

5.2 Interacting with Bellis 
Insight 7: Interacting with Bellis is fun and exciting for some but 
weird and awkward for others. Interacting with Bellis produced 
laughter and curiosity among the participants, as they described 
how Bellis was “really fun” to interact with. !e interaction with 
Bellis was articulated in terms like “playing”, “having fun” and 
“quirky”. Two participants explicitly remarked that the playful-
ness of Bellis lead them to engage more with the plant and that 
this would not have been the case if the interaction was more 
formal. In contrast, one participant, found the interaction to be 
“strange”, “weird”, and “not suitable” for him.  

Additionally, facts about its age and how much “fresh air” 
Bellis had produced was also described by a self-proclaimed 
plant lover as “fun nuggets of knowledge I do not usually think 
about”.  

Some participants commented on the fact that physically 
touching the plant is a vital part of the interaction. For some, this 
was described as “new”, “novel” like “a touchscreen for your 
plant”, while others raised questions about the possibility of 
hurting the plant. One participant remarked that she would be 
“afraid to grab it too firmly” because it might “squeeze out the 
juice in the leaf”. 

Insight 8: Bellis provides value for both novices and experienced 
plant owners across different age groups. For some novices, the 
system provided value by both informing them about the actual 
health situation in regards to watering, as well as trivia about the 
plant and its history. For experienced plant owners, the consen-
sus was that Bellis did not necessarily teach them anything new 
about actual plant care, but rather became an interesting infor-
mant of facts about temporal and acute statistics about the life of 
the plant and its intrinsic history. One experienced plant owner 
remarked: “[…] in a sense, Bellis adds an additional layer to the 
experience of owning a plant through its personality, though I al-
ready know much of what it is telling me”. 

When asked who might benefit from using Bellis, the overar-
ching consensus among the participants was that Bellis would be 
an excellent companion for children in public schools to learn 
about plant care, either through their curriculum or with their 
parents, in addition to elders and plant enthusiasts. One partici-
pant remarked that Bellis might be suitable for “lonely people”. 

According to one participant, the thread-centric design and 
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lighthearted language presented this information in ways that 
are “easier to understand” than alternatives: “I like that it does not 
sound dry and factual as if I had found the information on Google 
or Wikipedia”. 

5.3 Challenges in the Evaluation 
Insight 9: A!ention divided between two interfaces can be prob-
lematic. It was indicated that the divided a$ention between two 
separate interfaces – the plant and the screen – proved some-
what problematic. !e divided a$ention resulted in some partic-
ipants missing feedback on the screen when their a$ention was 
on the plant. In one instance, a participant triggered a prominent 
animation in the app but did not notice it at all. 

Insight 10: Touch interactions can be accidental. For the evalua-
tion, the participants were instructed to touch the leaves and the 
soil at different times during the interaction, which results in 
different outcomes depending on the state of the system. We 
noticed that some participants at times accidentally touched the 
leaves as they reached for the soil, unintentionally triggering a 
change in the app. 

6. DISCUSSION 
!e following section presents a discussion of our insights from 
our evaluation, specifically how our findings relate to engaging 
with nature and how we contribute to the body of work within 
HCI. We will position our contribution and discuss the limita-
tions of the current iteration of Bellis. 

6.1 Insights 
6.1.1 Personifying Bellis. !e use of anthropomorphism is a signif-
icant design consideration of Bellis. Overall, our findings suggest 
that anthropomorphic elements of Bellis were useful to spark 
interest for plant care novices and making Bellis enjoyable. 

According to Tuah et al. [26] anthropomorphism is a spec-
trum, ranging from anthropomorphism (highly human-likeness) 
to animism (less human-likeness). In our work, we have used the 
term anthropomorphism, but in reality, it might be closer to the 
animism end of the spectrum. However, Tuah et al. do not pro-
vide clear distinctions in terms of pros and cons. As such, we use 
the term anthropomorphism as this is more established in HCI. 

In line with previous research by Klopfenstein et al. [28] and 
Heitlinger et al. [16], we found that using conversational inter-
faces promoted a stronger sense of relationship, and that narra-
tives told from the perspective of plants, encourages empathy 
with them. Specifically, participants frequently referred to the 
thread of messages as being a conversation between themselves 
and Bellis. However, it is hard to a$ribute this solely to the use 
of conversational interfaces. Instead, it should be seen holistical-
ly, as the combination of all of the personifying elements: physi-
cal touch as input, the use of avatars, the narrative in first per-
son, and the conversational interface.  

We found evidence which supports the notion that anthro-
pomorphic elements can be perceived as annoying or silly, 
thereby not explicitly adding any value. !is was the case for 
some participants, who found the personality of Bellis to be a bit 
“weird”. !ough it did not appeal to them, they suggested it 

might appeal younger users. A different issue is the use of an-
thropomorphic agents, which might lose value over time. !is 
could be the case with Bellis but will have to be explored in a 
longitudinal study. Overall, even though the advantages and 
disadvantages of anthropomorphism is disputed, we found it to 
be directly related to the perceived personification of Bellis. 

6.1.2 Trust in Bellis. We suspect that the physical interactions 
with the plant, and their clear feedback in the app, might con-
tribute to the creation of trust in Bellis because it continuously 
reassures the user's actions during the narrative as correct. 

Some participants were surprised by the information Bellis 
told them. However, they did not question the validity but rather 
trusted that the system must be correct. Perhaps this could be 
credited to the high fidelity prototype convincing people it must 
be a sophisticated system that gets everything right. One person, 
in particular, was affected by the apparent lack of agreement 
between his perception of proper plant care and the information 
Bellis provided him with. !e person shrugged it off with a sur-
prised grin and expressed his respect for computerized systems 
to provide truthful information due to their apparently superior 
knowledge. Perhaps the effect was due to the participants trust-
ing in the evaluation facilitators, and would maybe find it rude to 
question the validity of the design.  

6.1.3 Encouraging Plant Novices to Engage in Plant Care. To 
motivate plant care novices, one way to encourage them is to 
make it easy and approachable to take care of their plants. Many 
existing solutions to this relies on automating of plant care. 
!ough not an automatic system, we found that Bellis might 
have the same effect on plant novices.  

Several participants who did not own plants described how 
they imagined Bellis would be useful to motivate them to obtain 
plants. !is supports that plant novices do not need something 
like an automatic system to keep plants for them, but rather just 
the required information and encouragement to do it themselves. 
Some participants, however, requested automatic reminders from 
Bellis when in need of water, which could potentially be imple-
mented in a subsequent iteration. 

!is could be a small step towards further engagement with 
nature, with the system providing the initial motivation for 
learning plant care. 

6.1.4 A Strict Narrative Might Restrict Interactions. We found 
that the initial engagement with Bellis prompted exciting inter-
actions, resulting in both laughter and frustration. In the app, 
users are ambiguously encouraged to interact with Bellis, which 
hints: “I am sleeping right now… maybe you can wake me?”. Our 
participants interpreted this unconventional inquiry from a plant 
in different creative ways, as outlined in 4. Evaluation (Insight 5). 
Exploring different interactions on how to “wake up the plant” 
was an intended, purposely designed to get participants accus-
tomed to the idea of touching the leaves and soil of a plant to 
receive feedback in the app, and progress in a structured narra-
tive. Some of the interesting alternative interaction a$empts we 
witnessed could be included in further versions, such as knock-
ing on the side of the pot to wake it up. 

Interesting to note was the fact that no participant sponta-
neously touched the plant to prompt a reaction in the app when 
not explicitly told to do so throughout the rest of the narrative. A 
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possible reason might be the way the narratives are structured in 
a rather strict, linear manner, which does not encourage the 
participants to freely explore what results spontaneous interac-
tions with the plant might trigger but were instead focusing on 
following the instructions of the application. On the surface, this 
might not be a significant issue, since every participant complet-
ed the entire evaluation as intended. Contrarily, it might be in-
dicative of a larger problem, since it might limit the interaction 
of touching the actual plant, which is fundamental for the “living 
feel” of Bellis. However, since we only witnessed interactions in 
the strict time frame of our test setup, if users were allowed to 
engage with Bellis over a longer period of time they might un-
cover other interesting interactions.  

6.1.5 Temporal Challenges. Plant care takes time, and some of 
the benefits of a positive plant care routine only emerge a&er an 
extended period of proper plant care. !e temporal aspects are 
deeply considered in the design of Bellis but were not evaluated 
due to time constraints. !is limits any insights into the adverse 
effects of anthropomorphism over time, as well as any lasting 
impressions the narrative might have on users’ engagements 
with Bellis or nature in general. As such, it remains to be deter-
mined if interacting with Bellis becomes trivial a&er the initial 
experience.  

6.2 The Bellis System 
In this project, we use an SFCS sensor for natural plant care in-
teractions where other projects have used it primarily for turn-
ing plants into input devices for computers [19], musical instru-
ments  [30], or art projects [17, 18]. We found the technology 
well suited for a system with the plant itself in focus. !e tech-
nology is very capable and could be further explored for a wide 
range of other interesting designs incorporating natural interac-
tions into HCI.  

However, we did find some limitations using SFCS. When the 
sensor is placed into new plant’s soil, recalibration is required. 
For our evaluations we precalibrated the capacity sensing by 
reading values and hard-coding pa$erns into the Arduino. While 
this worked well for our purpose, this should be automated for a 
more sophisticated use. We also found that watering the plants 
would alter the capacity readings and though we were still able 
to distinguish pa$erns, this could affect the precision of the sen-
sor. 

We found that it is crucial for the SFCS sensor working, to 
have a well-established ground connection in the circuit. For our 
evaluation, we achieved this by anchoring the ground of the 
circuit to a radiator. !e challenge of establishing a reliable 
ground connection in proposed design remains to be solved. 

!e physical system is built from a combination of simple, 
cheap electronic components, to serve data output, and could 
even be further simplified by having just one Arduino microcon-
troller with a BTLE module. Our use of two microcontrollers was 
chosen due to it being the most feasible solution available.  

!e physical a$ributes of the sensor module remain to be 
thoroughly tested and will benefit from further design iterations, 
making sure the design will work for extended use. 

6.2.1 Applications of the Sensor Module. !ough we have ac-
companied the sensor module with an app for this project, this is 

not the only opportunity for the sensor module to provide in-
formation for interesting outputs. In particular, we see the possi-
bility of using this technology within research in Sustainable 
HCI, e.g., as persuasive technology, as previously proposed by 
Santo & Loh [21]. 

An example of another application of the sensor module 
could be as a facilitator of data for outpu$ing sounds and lights 
to convey plant health information without an app. Alternative-
ly, the system and its underlying technology could be modified 
to other contexts than flora, to facilitate the addition of anthro-
pomorphic capabilities into objects other than houseplants, e.g., 
trash cans or water outlets, to engage in sustainable behavior, by 
communicating their inherent properties. 

6.3 Engaging with Nature?  
!e focal point of this project has been engaging with nature 
through houseplants. One might raise questions about the validi-
ty of such a proposition, as it is arguable if houseplants provide 
nature engagement. 

In our work, we have clarified a definition of engaging with 
nature: To be a!entive to nature, through biophilia, manifested as 
physical activity, such as outdoor activities or environmental be-
havior. However, the positive effects of engaging with nature, in 
specific physical and psychological health benefits, might not 
always be obtained by this definition. In our project, we aim at 
engaging users with nature through a personified, interactive 
houseplant, in which we explore how participants might per-
ceive their relation to nature a&er engaging with Bellis. It was 
clear that participants cared for Bellis a&er the interaction, but 
whether or not this scales with their perception of other house-
plants, and whether or not it encourages a pro-environmental 
behavior, is still unclear and would require further study of Bellis 
in a longitudinal perspective.  

An aim with Bellis was facilitating a closer relation between 
plants and humans to encourage plant care. On numerous occa-
sions, the experience with Bellis was described as that of a rela-
tion with a pet. !is indicates, that the anthropomorphic charac-
teristics of Bellis create an emotional response in its users, and 
thus possibly creates the beginnings for a meaningful relation-
ship.  

It also highlights the necessity of an emotional connection 
with something to meaningfully engage with it and create value 
for the user.  

During our evaluation, we observed how no participants 
physically interacted with the plant when not prompted to 
through the app. We saw indications that when presented with 
an interaction space divided between two interfaces – the app 
and the plant – the focus of interaction might have been skewed 
towards the app. If this is breeding ground for a disconnect be-
tween the user and the plant, and thus nature, will require addi-
tional research. 

6.3.1 Children, Smartphones, and Nature. As briefly touched 
upon in the introduction, as the world becomes more urbanized, 
children today are spending less time engaging with nature than 
their parents did a few decades ago [35]. At the same time, chil-
dren’s use of “entertainment media” (smartphones, computers, 
and television) and “digital recreation” has been on the rise [8]. 

!  9



Rather than considering nature engagement and the use of smart 
devices a dichotomy, we see smart devices as enablers of nature 
engagement for children through HCI. With Bellis, our aim was 
to design an encouraging installation which approaches this 
nature engagement from a latent natural perspective in the 
home, inspiring people of all ages to view their houseplants from 
a new perspective. !e need to encourage children’s engagement 
with nature is particularly crucial to igniting a true pro-envi-
ronmental behavior change in the world. Making nature en-
gagement accessible, facilitated through smart devices, is, there-
fore, one possibility for igniting children’s curiosity for nature. 

6.4 Contribution 
With this project, we extend on the related work and research in 
the field of HCI by showcasing how technology can facilitate 
interactions with houseplants, and thereby making the user ap-
preciate the life of the plant from a new perspective through 
personification. We approach this by expanding the capabilities 
of regular houseplants to make interacting with houseplants a 
meaningful way to engage with nature. !e result of this work is 
an interactive artifact [36], Bellis, which aims to facilitates hu-
man-plant interactions and engages users in houseplant care 
activities.  

!is artifact is a physical device accompanied by a web appli-
cation. Technological advances in the sensor space and open 
source projects made it possible to create a device which makes 
use of various sensor measurements such as capacitive touch, 
moisture, and weight to facilitate human-plant interactions. In 
this way, our artifact stands out by using a plant touch and wa-
tering as a direct input in a smartphone application. 

Furthermore, we add to the body of work in Sustainable HCI 
with an empirical research contribution, with findings from our 
evaluation of touch technology and anthropomorphic design to 
convey plant health information in an understandable way. 

6.5 Limitations  
Within the scope of our work, some academic limitations are 
present. A majority of the participants were students in the age 
range 22-26, living in urbanized areas, with some having prior 
knowledge about our project scope. Some participants were re-
cruited through personal relations and thus might have been 
subject to selection bias. 

Plants can live for many years and caring for them requires 
time and patience. !is aspect is considered in our design but not 
our evaluation. A longitudinal study, where the system is placed 
in the homes of the participants for an extended period of time, 
would uncover additional valuable insights.  

!e Bellis app was not evaluated on a smartphone due to 
technical challenges in the Bluetooth communication but was 
instead running within a simulated smartphone environment in 
a web browser on a laptop. !is setup differs greatly from the 
intended design. Limitations in the feedback mapping, peripheral 
vision and physical interaction between the houseplant and the 
Bellis app might have affected the overall evaluation.  

7 CONCLUSION 
In this paper, we set out to explore how technology can motivate 
urbanites to take be$er care of their houseplants. !is was done 
by developing an interactive houseplant system, Bellis, which 
utilizes elements of touch and personification to build a relation-
ship between the system and its users.  

We conclude that the thread-centric conversational interface 
coupled with the first-person narrative, avatar, and touch, clearly 
established empathy with the houseplant. !is combination 
made it possible for Bellis to convey the needs of – and develop 
incipient relationships with – the plant. Participants perceived 
Bellis as having a “cute and lighthearted” personality and ex-
pressed feeling a relationship between themselves and the plant, 
likening Bellis to a pet.  

Interactions through the conversational interface, however, 
was found to be unsuitable for encouraging physical explo-
rations, outside the narrative, since participants were inclined to 
follow instructions carefully. !is could also relate to the division 
of a$ention between the app and the physical plant, which is 
required when interacting with Bellis. 

!e use of swept frequency capacitive sensing and load cell 
sensor was successful for creating an engaging system with 
physical and natural human-plant interactions as the central 
interactions of the experience. !is highlights the potential for 
creating technological products and experiences that incorporate 
physical touch on a wide range of objects, to convey their intrin-
sic properties. 

Lastly, our evaluation indicates that Bellis could be a potential 
stepping stone for engaging – in particular novices – with na-
ture, making plant care more fun and accessible. 
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